The spectral radiance L A (A) of a low current argon arc (current: 10 A, power requirement: 1.5 kW, pressure: 1.2 bar, gas: A) has been calibrated with a relative uncertainty of 5% in the wavelength range between 125 nm and 335 nm by means of the electron synchrotron radiation of DESY (Hamburg, Germany).
I. Introduction
Measurements in the vuv-spectral region, as required in the fields of astrophysics and plasmaphysics, increasingly demand the development and calibration of uv-and vuv-transfer standards of spectral radiance with uncertainties below 10%. Available uv-and vuv-transfer standards (see Fig. 5 ) of the spectral radiance are: the low-current carbon arc [1, 2] , the deuterium lamp [3, 4] , a cascade arc (down to 250 nm) [5] , and the special version of a cascade arc ("mini-arc") [6] .
The spectral radiance of the carbon arc (current: 7.3 amps, voltage: 65 volts) can be approximated for wavelengths above 270 nm by that one of a gray-body radiator [7] (distribution temperature: Ta = 3830 K, emissivity: e = 0.965). Below 270 nm the radiation contributed by the arc stream in front of the anode increases significantly and below 235 nm the emitted spectrum is distorted by a number of emission lines. The relative uncertainty of the spectral radiance of the low current carbon arc amounts to 3% in the wavelength region from the air cut-off (A ~ 185 nm) to 340 nm [2] .
Deuterium lamps are used as transfer standards, because they emit a molecular continuum (165 nm <A<350nm), they are cheaply procurable and convenient in their operating conditions. The 0340-4811/79 / 0200-0233 $01.00/0 spectral radiance of the deuterium lamp increases above X = 170 nm with wavelength, attaining a maximum value at ~ 200 nm, and decreases with further increasing wavelengths. This spectral distribution may lead to lower straylight contributions to the uv-signals in comparison to the low current carbon arc. A disadvantage in the behaviour of the commercially available deuterium lamps is their strongly wavelength dependent decrease of the spectral radiance with increasing time of operation [8] . Specially developed and carefully selected deuterium lamps as used by Key et al. [4] show small alterations of the spectral radiance of less than -0.05%/h in the entire wavelength range. The relative uncertainty of calibration with respect to the spectral radiance of deuterium lamps amounts to 2% in the wavelength region between 165 nm and 330 nm [3] .
Cascade arcs operated with argon have been used as uv-standards down to 250 nm by Wende [5] . Recently Bridges and Ott [6] developed a special version of a cascade arc ("mini-arc") sealed with a MgF2-window for the application as a transfer standard of the spectral radiance in the spectral range from 115 nm to 350 nm, without the serious limitations of the low current carbon arc and/or the deuterium lamps as mentioned above. The AI-continuum radiation emitted from the cascade arc (including the MgF2-window) was calibrated by means of the spectral radiance of the high power hydrogen arc [9] and the blackbody line radiator [10] , except at those wavelengths where the transfer standard emits impurity lines (Ol, NI, CI etc.). The relative uncertainty of the spectral radiance (A) of the "mini-arc", including the transmittance R(A) of the MgF2-window, is estimated to be 10% between 115 nm and 140 nm and 5.3% for wavelengths above 140 nm.
The transmittance R(A) of the MgF2-window changes rapidly under normal vuv-experimental conditions due to possible contamination of hydrocarbons. The spectral radiance L%(X) of the plasma itself, available by calculating LA*.
is therefore the only quantity without any alterations due to the used vuv-optical system.
The present paper describes the calibration of a low-current argon arc with MgF2-window with respect to the spectral radiance LAU) of the plasma itself (125 nm^A ^335 nm). In order to get this quantity careful investigations have been undertaken to determine the wavelength dependent alterations of the transmittance of the MgF2-windows as a function of the operating time of the arc, when connected to the vuv-radiometer.
II. Apparatus

II.1. Low Current Argon Arc
A schematic diagram of the argon arc source, developed at the PTB is given in Figure 1 . The 45 mm long wall stabilized arc is struck between two thoriated tungsten electrodes (4 mm in diameter) and is constricted by a set of 15 water cooled rectangular copper disks, 2 mm in thickness with a 1.2 mm bore diameter, electrically insulated from each other by silicon rings. In the vicinity of the cathode an additional tungsten pin "T" is used in order to eliminate cathode instabilities from the observed plasma column. The arc chamber can be evacuated for ignition under glow discharge conditions (voltage: 600V). Common operating conditions of the low current argon arc are: current: 10 amps, voltage between both electrodes: 145 V, argon flow rate during operation: 1.5 cm 3 s -1 , purity: 2^99.997%, pressure during operation: I.2 bar. By means of a MgF2-window the arc chamber is separated from the vuv-optical system. The gas intake is near the MgF2-window, in order to prevent possible contaminations to the window by the discharge, especially by evaporations of the anode material. The spectral distribution of L\{X) of the argon continuum radiation is distorted by several impurity lines due to atomic nitrogen, carbon, oxygen and hydrogen and by some weak Ar II lines in the wavelength range below 200 nm [6] . Utilizing Kr instead of Ar in the arc discharge spectral radiance calibrations in the vuv are possible at wavelengths, where the spectral distribution of Za(A) of the argon continuum radiation is distorted by emission lines. The spectral radiance of the low current argon arc can be varied in a range of about one order of magnitude by changing the operating parameters arc current (5 ... 10 A) and pressure during operation (1 ...2 bar). These operating parameters are simply adjustable and controllable. Operating the low current argon arc under different conditions its spectral radiance can be adapted to that one of other radiators. In this way linearity problems due to the detection system and scaling difficulties may be avoided.
II.2. Spectro-radiometric Arrangement
The spectral radiance calibration of the low current argon arc was performed by means of the electron synchrotron radiation of DESY (Hamburg, Germany). The radiometer used was especially developed for calibration purposes in the normal incidence spectral range and is described in detail elsewhere [3] . The range of sensitiveness of the radiometer was extended to 105 nm by installation of an EMR photomultiplier (541G-08-18) with LiFwindow. During the spectral radiance calibration photomultipliers with sufficient narrow band spectral sensitivities were used (105nm A 190 nm: EMR 541G-08-18, with LiF-window; 145 nm ^ A ^ 290nm: EMR 541F-05M-14, with Sapphire-window ; 160nm^K335nm: EMI 6256S, EMI 9558 QB, with Suprasil-window). The polarization behaviour of the vuv-radiometer [3] was investigated additionally in detail in the wavelength range below 165 nm. The degree of polarization produced by the vuv-monochromator is demonstrated in Fig. 2 versus wavelength. The degree of polarization produced by other vuvmonochromators of the same type [11, 12, 13] as in the radiometer used here shows a qualitatively similar behaviour (Figure 2 ).
III. Results
III.l. Spectral Radiance Calibration
The spectral radiance calibration of the low current argon arc was performed with a spectral bandwidth of AX < 0.6 nm *.
A centered circular area of the plasma of 0.9 mm in diameter * was observed in the direction of the arc column (end-on) for the small solid angle of 2.7 • 10~5 sr. The typical radial variation of the relative spectral radiance in the horizontal direction (y) as well as in the vertical direction (spatial resolution: 0.1 mm) is demonstrated in Fig. 3 for the wavelength range from A= 180 nm to 335 nm. To shorter wavelengths a slight decrease of the half-width of the radial distribution has been observed. The spectral radiance L^(X) of the continuum radiation of the plasma itself, given by L\(X) = L%* (X) • (T(A)) -1 was obtained by measur- ing the quantity L^*(X) (including the MgF2-window) [3] and by measurements of the transmittance T(X) of the used MgF2-window. R(X) has been determined by several measurements during the calibration procedure, by inserting the MgF2-window in a filter wheel in front of the exit slit of the vuv-radiometer, utilizing the electron synchrotron as a light source.
In (A = 106.7 nm and A=104.8nm) and from the (impurity) hydrogen line (A =121.6 nm). In comparison with both, low current carbon arc and deuterium lamp, the spectral radiance of the low current argon arc exceeds in part their spectral radiance values of about more than one order of magnitude ( Figure 5 ). The spectral radiance of the NBS "mini-arc" shows nearly the same spectral distribution as the PTB low current argon arc.
The relative uncertainty of the spectral radiance ALx(X)jLi()J) of the plasma itself amounts to 5% and is summed up linearily from the two individual relative uncertainties = 2.5% [3] and ZJT (A)/r (A) = 2.5%. r(A) depends sensitively on the operating conditions of the arc and the vuv optical system (spectral radiance distribution, radiant power, vacuum conditions) as discussed in detail in the following Section III.2. Variations of the spectral radiance Lx(X) due to variations of the plasma parameters pressure p and current i {Ap/p = 0.5% leads to AL^/L^ 0.5%, 1 bar 2 bar and Ai/i = 0.05% leads to AL^LX ^ 0.5%, 9 amps i 10 amps) are small in comparison to the variations of r(A) with increasing exposing times to arc radiation of the MgF2-window. Taking into account that the use of the low current argon arc as a transfer standard requires a further redetermination of the MgF2-window during the actual measurements, it is obvious that the relative uncertainty of Lx* (A) is significantly determined by that one of the transmittance of the MgF2-window. In order to confirm the estimated uncertainties of the spectral radiance mentioned above, the low current argon arc has been radiance compared with the carbon arc in the near uv spectral region (255 nm ^ A ^335 nm). The optical device used for the latter measurements consists mainly of a 1-mCzerny-Turner monochromator, that has been operated with a bandwidth of 0.2 nm. An agreement of the spectral radiance values within 6% has been found. This result is consistent with the combined uncertainties of the calibration procedures by synchrotron radiation (5%) and the carbon arc radiation (3%).
Additionally it should be mentioned that the low current argon arc was disassembled and stacked again between several runs. The measured spectral radiance values have been found to be reproduced within the estimated uncertainty limit of 5%.
III.2. Alteration of the Spectral Transmittance of the MqF<i-Windows, Utilized with the Low Current Argon Arc
The MgF2-window * is used in order to separate the arc chamber of the low current argon arc from the vuv-optical system or from the air respectively (when the arc is used only in the uv-optical region; A> 185 nm). Therefore the spectral radiance of the argon plasma is reduced by the transmittance of the MgF2-window. Utilizing the low current argon arc as a transfer standard, the determination of the actual transmittance r(A) of the MgF2-window is required with sufficient accuracy.
The transmittance of MgF2-windows (1.9 mm ... 2.04 mm in thickness) are presented in Fig. 6 [6, 15, 16] . The MgF2-window used in this work was freshly polished before the transmittance measurements**. The stage of aging of the windows used by the other authors is not accurately known.
Using the low current argon arc as a transfer standard in the uv spectral region above 185 nm in air, i.e. without connection to an evacuated vacuum system the alteration of the transmittance r(A) of utilized MgF2-window was found to be rather small as a function of exposing times to arc radiation. In Fig. 7 the spectral transmittance r(A) of a freshly polished MgF2-window (No. 2) is demonstrated (solid line) in the spectral range between 120 nm and 335 nm. The dots given in Fig. 7 represent additional measurements of r(X) obtained after exposing times to arc radiation between 6 h and 30 h at nine wavelengths above 220 nm. A more detailed analysis of the results given in Fig. 7 shows a rather slight tendency downwards with increasing exposure time to arc radiation of less than 2% per 30 h. However, a significant reduction of the transmittance of the MgF2-window has been observed under vuv-experimental conditions at DESY, due to contamination of hydrocarbons. The vacuum of the utilized vuv device is generated by two turbomolecular pumps with a pumping speed of 1000 m 3 /h each [3] . The vacuum should be largely free of oil vapour and the pressure during all measurements Another MgF2-window (No. 3) that already had been exposed to arc radiation of more than 70 hours was dry-cleaned carefully before the subsequent measurements (Fig. 9) . During the spectral radiance calibration of the low current argon arc in the entire spectral range from 125 nm to 335 nm a number of transmittance r(A) determinations of this window have been performed (the sequence of measurements started with curve a and ended with curve f, Figure 9 ). The time of exposure to arc radiation between two subsequent measurements of T(A) amounts to two hours and the wavelength range of the curves given in Fig. 9 corresponds to the spectral sensitivity ranges of the utilized photomultiplier tubes. The transmittance r(A) of window No. 3 is in all cases smaller than that one of the freshly polished window (see Fig. 8, curve 1) . However, the relative reduction of r(A) with increasing time of exposure to arc radiation is comparable to those values found for the freshly polished window (Figure 8 ). From the measurements shown in Fig. 9 the relative reduction of the transmittance zlr(A)/r(A) (related to the actual value of the transmittance) in percent per hour has been deduced ( Figure 10 ).
IV. Conclusion
The results of the transmittance r(A) measurements given in this paper demonstrate the serious problems due to the wavelength dependent reduction of the transmittance of the MgF2-windows when these windows are used in connection with an intense vuv radiation source, particularly by utilizing the argon arc as a vuv transfer standard. The relative reduction of the transmittance of the MgF2-windows is a characteristic of both, the utilized vuv optical system and the operating conditions of the light source, here of the low current argon arc. Users of the low current argon arc as a transfer standard of spectral radiance are therefore forced to determine the actual transmittance of each utilized MgF2-window during the radiance measurements. The relative uncertainty of the actual transmittance determination achieved by the user has to be summed to the uncertainty of the spectral radiance (AL^jL/, = 5%) of the arc plasma.
The accuracy of the spectral radiance calibration of the low current argon arc achieved in this work is limited by using a conventional synchrotron accelerator and a transfer standard source with a MgF2-window as a vacuum sealing element. Significant improvements in the accuracy are only likely to be possible with the much more stable conditions of a storage ring source and by using a differential pumping system to get a windowless connection of the low current argon arc to the vacuum system which eliminates the uncertainties of the transmittance determination. But the convenience in handling the low current argon arc as a transfer standard would be further complicated.
